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as a DICOM file, converted to a NIfTI file and was presented on MRIcroN (http://www.nitrc.org/projects/mricron). The actc look-up table, which consists of 256 color codes, was used to assign the voxel color. The auto-contrast setting determined the intensity ranges (1-99 percentiles) of color codes. Finally, 3 corresponding slices of different sequences were prepared for each patient ( Figure 1 ).
Measurement of Inter-Rater Agreement
Inter-rater agreement was measured in 2 pairs of raters blinded to clinical data (pair A: well-trained stroke neurologists; pair B: neurologists in residency training; see the online-only Data Supplement). To avoid a learning effect, rating was done with color-coded image first and a week later with the conventional image. FLAIR signal change was categorized into obvious (a hyperintense lesion within the DWI lesion), subtle (hyperintensity identified only with reference to the DWI lesion), or negative (no hyperintensity at all within the DWI lesion). Ten examples were provided as a reference before rating. FLAIR images rated negative were regarded as positive for DWI-FLAIR mismatch.
Statistical Analysis
κ Value and percent agreement were used to quantify inter-rater agreement of FLAIR signal change and McNemar test to compare the difference. Patients with discrepant ratings by conventional images but concordant with color-coded images were regarded as patients with benefit from color-coded FLAIR image. Characteristics of these patients were compared with those of other patients using χ 2 and t tests, appropriately. The predictive value of DWI-FLAIR mismatch for identification of patients <4.5 hours of symptom onset was also evaluated.
Results
Among the 155 patients enrolled, 42 patients were excluded (no FLAIR image, n=23; negative DWI, n=11; insufficient image quality or clinical information, n=8). Thus, 113 patients were included for final analysis: mean age was 67.0±12.6 years and 61 (54.0%) were men. The initial National Institutes of Health Stroke Scale score was 4±5. Patients received MRI at 7.0±7.1 hours from symptom onset. Fifteen patients (13.3%) received tissue plasminogen activator before and during MRI.
In pair A, the inter-rater agreement of DWI-FLAIR mismatch was 0.538 with conventional images and 0.754 with color-coded images (Figure 2 ). The percent agreement was significantly different between conventional and color-coded images (69.9% versus 85.8%, respectively; P=0.004). The proportion of patients categorized as subtle change was higher with conventional than with color-coded images (38.1% versus 25.7%, respectively; P=0.01). The inter-rater agreement was increased by color-coded image, especially in patients with obvious change (Figure 2 (Table I in the online-only Data Supplement). Colorcoded FLAIR image decreased the proportion of obvious and subtle FLAIR signal change, especially in patients beyond the time window of thrombolysis ( Figure 3) . Therefore, the positive predictive value of DWI-FLAIR mismatch predicting lesion <4.5 hours of stroke onset was 85.3% and 71.9% with conventional FLAIR images and 95.7% and 82.1% with color-coded FLAIR images, respectively, by each rater.
Discussion
Color-coded FLAIR image, a simple and an easily applicable method by clinicians, increased the inter-rater agreement of FLAIR signal change, especially in patients with cortical lesions. These focal cortical lesions were previously disregarded from conventional FLAIR images, 5 but may increase hemorrhagic risk after thrombolysis. Consistent with our results of conventional FLAIR images, recent studies that included patients with similar stroke severity to the present study demonstrated a moderate inter-rater agreement (k=0.57 and 0.48). 2, 8 Semiautomatic measurement of signal intensity ratios inside a circular region of interest did not significantly improve inter-rater agreement. 8 This may be related with the fact that the pathological status of infarcted tissue is heterogeneous, which was well demonstrated by color-coded FLAIR image. 9 Additionally, color-coded FLAIR images decreased the proportion of patients graded as subtle change. Previously, the inter-rater agreement and the correlation between time from stroke onset and FLAIR signal change was low in patients graded as subtle FLAIR change. 7 Therefore, reducing Limitations stemming from the possibility of overestimation and estimation bias occurring from learning effect cannot be excluded. However, restricting the area for evaluation to the DWI lesion and the previously described various efforts to minimize the learning effect may help resolve these issues. 
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Color coding of FLAIR images, an easily applicable technique, increased the inter-rater agreement of FLAIR signal change. It may be potentially beneficial in informing the decision regarding thrombolysis in patients with unknownonset stroke. 
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Supplemental Methods
DWI was obtained using a single-shot spin-echo echo-planar imaging technique with the following parameters: repetition time, 3000 ms; echo time, 86 ms; matrix number, 192 × 192; voxel size, 0.651 × 0.651; 5 mm slice thickness with a 2 mm inter-slice gap. FLAIR images were acquired using a fast spin-echo sequence with the following parameters: repetition time, 9000 ms; echo time, 100 ms; inversion time, 2500 ms; matrix number, 256 × 190; voxel size, 0.8594 × 0.8594; 5 mm slice thickness with a 2 mm inter-slice gap.
Inter-rater agreement was measured in two pairs of raters. Pair A was two welltrained stroke neurologists with 5-10 years of experience in neurology. Pair B was two neurologists in residency training. The results for pair B is expressed in supplemental results. The inter-rater agreement (percent agreement) according to the degree of FLAIR signal change (obvious, subtle and negative) was presented as; (number of patients rated as the particular signal intensity concordantly by the two raters / number of patients rated as the particular signal intensity from more than one rater) and was compared between conventional and color-coded FLAIR images. A two-tailed p<0.05 was considered statistically significant. All statistical analyses were performed using SPSS for Windows (version 17.0; SPSS Inc.).
Supplemental Results
In pair B, the inter-rater agreement of DWI-FLAIR mismatch was 0.538 (0.413-0.662) with conventional FLAIR images and 0.675 (0.553-0.798) with color-coded FLAIR images. The percent agreement was significantly different between conventional and color-coded FLAIR images (69.9% vs. 83.2%, p=0.02). The proportion of patients categorized as subtle FLAIR signal change from more than one rater was higher with conventional FLAIR images than with color-coded FLAIR image (32.7% vs. 18.6%, p < 0.001). 
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